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Abstract 



PURPOSE:To enable fine working such as photolithography by improving surface shape (morphology) and to improve 
yield by improving characteristics of a semiconductor device. 

CONS I T 1 UTION: After a single or a plurality of first compound semiconductor layers are grown on a silicon substrate 1. 
the surface of this first compound semiconductor layer 2 is mirror-polished, and further a single or a plurality of second 
compound semiconductor layers 3, 4, 5... are grown on it, thereby improving surface shape (morphology). Introducing In 
into a growing compound semiconductor layer relaxes dislocation to improve characteristics or prevents punchthrough of 
an etching stopper layer due to dislocation. 
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5. i-Alo.28Ga<).72As;*'<— 
J?$2nm 

4. i — G a A s : I nmUZKM 
f$100nm 
I niftgl 0 20 cm -3 
3. A 1 0.35G ao.65A s Ay7yM 
J?S300nm 

2. GaAs;t77?I *S2. 5«m 

1. Sig« 

[0 0 5 7] ZOmmzS^T. Sig«l©±{CJ&£ 
Sn4GaAsA-y7T*2©»Sti«S5faS»tt2. 

/tmJ:y7£#{CfP<UT&££ik *©±fCf££l,£:A 
10.35Gao.65A s Ay77S3tf>£ffi£>¥®4tifi$? 

[0 0 5 8] n-Al 0 .28Ga 0 .72AsS-f^ 
MB £ i - A 1 0.28G ao.72^^— *S 5 £ i -G a A 
s : I nm^fS5(C<fcoT8^K-7«3ia9§jf£$ 
*VT^4. Sfer©i-GaAs : I n«fj&TJili. 
3©SlC35A£*uyS£l 020 C m-3jiLhOI nlCfco 
TKfttfigfn $ tlT V n e *\ $m<7M%=iZ£Z£. 1 0 
19 c m-3gjg^jftg«7) I n ©S&AiCj: 0 TefiOigfoS& 
C S 3 £ tmfrtobftT 

[0 0 5 9] n-Al 0 .28Ga 0 .72Asm^^*& 
S6. i-Alo.28Gao.72^- / <— ^S5^lCOV^ 
fc. ±IE© I n ©2$AIC «k -5<EfiCDi®fa^*^ CZZ 
£*jWMb*~>ftTi<'>Z>t>\ n-Alo.28Gao.72AsS 
6 ICI n fc*A"f *©±»f®#fc 
< i:fc2 nmC I ntfifStttft^JztlZLTtf- hW& 

[0060] SI 1 ©ft£4WM»Mi©*±JB0G 
a As A>v7 7/I2©&®Ji. «!J$fBlC£^Tr?§fc3 * 

on Si 
(cm2 /Vs) on Ga As 
:>-HS*fiK on Si 
( c m~2) on G a A s 
[0 0 6 7] £«>Ka6{|ICj:4GaAs on Si© 
*+'J7lHttlt gjSKfcttSGaAs on Ga 
A s ©*•* ij 7&S&g©9 3 %T% £/- Km-fjgSliS 

[0 0 6 8] 3©f£te0!l©GaAs on Sig*g£ 
ME SFETJCSM-f ±IB©GaAs : In 

**jfetfJ!4ttS itK-^LfeGaAs : InT*o 
Tt>«fc<. i-AlGaAs^- *E 5 «fc 'J±©^ 

[0 0 6 9] tfz. Ga 
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2it^mm»smist:ismn.b j t>t^A 1 Ga 

A s UT Z©£S1 fe}T%»f «t nztz Z t 

[0 0 6 1] I nZmXltzG&AsfgtbZWtA 1G 
aAs«$:MiS«»t5@lT'. J8S»-f3aR*^L 
< I nSrt-^&nGaAsM&SWiAlGaAs/i?: 

10 S. 

[0 0 6 2] ±fB<7)n-Alo.28Gao.72AsS 
6 £ i - A 1 o.28G a 0.72^^-' *M 5 £ T'« 
K-^*itii. n - I n G a Pi^f 
ti-GaAs *^-tfEfcT-«&im> 32: 
[0 0 6 3] H21J. ffl||K0K>£/U3>SfSfi:^4fe 
4M&#S©£®©AFMge88i?gT*<&$. 
5 £. ¥#Wf©Sffi©!HIr5©* t $ li 2 ~ 3 n mgg 
T?»y. GaAsJf©£ffifc??fBLfcir4&£{Cti£ffi© 
C3ia« t 2 0 nmgST'$>otzii:i:ifc«(-rsi:^ili{csfc 

20 mztiz. 

[0064] 3©fMT'(i, IgOftVO^jRIPfc 5 5 
©EJ£i©:*£ t*ltsSL&mi)W< fcSIC L£#o T*£ 
T'tdt>s«m<. WUiZ »t©HEMTfc»S1-4» 

[0065] ~ <agfflie>!mtmf&<z>*-)m%. 

30 «>{C. S i*«feJ8^4::2:fc<GaAs»E±Kra- 
«fct©G a A s M fc&ft b td%£0>W&&**K LTV\ 

[00 6 6] 

£S 77K 

5280 2 1400 

5690 30300 

9. 6X 1 OH 8. 0X1 OH 

9. 4X1 OH 8. 2X1 OH 
40 AstlnGaP, &5^ti. InAlAsfclnGa 

Asfcffi^fe^{c^T*-i:%prfl6T?&*. -f-L 

T. ZOSPWH n-AlGaAstfMIA<Ti: 

©HEMTKt,ll«lC^T-£S::£iiV^£T-fc& 

[0 0 7 0] jBRK-^Wa«:«MW6GaAs 
/AlGaAs$5VittGaAs/I nGaP©r«3tCB£ 
ffKBCWTT I nA silflftittf 0. ljfiLhT** I nG 
a AsJ§Z#A?ZZ££?T. ±WL ffiffliW*] 
50 a«sHEMTS:«SW*ii:*-e*«. -£©g£ti, ® 
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: H&HK&9&il nGaAsIICl ntmitZt. i 

t<fcy. fro, Z<Dl nGaAsjftptCfctfSS^-O 

[0 0 7 1] (SS25SS6M) S3, 04, 05, 06 

7?i££>IgS»S8ET'&a. ZOEKCfc^T, llliSi 
Sffi. 12liGaAs^l;W77l. 13liAlo.35 
Gao.65As : In$2^777l. 14»iAlo.28G 
ao.72As®3A-v7rS, 15l£i— GaAs : In 10 
Irf-j^fS. 1 6tii -A lo.28Gao.72As : In* 

1 7{in-Al 0 .28Ga 0 .72Asm : H«& 
S. 1 8lin-GaAsmi*^-ym 1 9ttn-A 
10.28Gao.72 As : I nl»;f>^ Sy/tJi, 2 0 
lin-GaAs^^'yT"!. 2 1. 2 2lil/^h 
2 3(iE^-Ky-h«ffi. 2 4ttD*-Rf-h 

[0072] znn&witxmsz^m&mm&m. 

«l§a6Wi:fil«T**#. OTlC-5-ro£5tXg5:K^ 20 

[0073] mi xi (ms&m 

S iitSl'1011^ GaAsSgl A-y77f 1 2. A 
10.35Gao.65As : I nf2A^77f 1 3, Al 
0.28Gao.72As^3A>y7TSl 4, i-GaAs: 
InS-?^fJil5, i — A 1 0.28G ao.72A s : In 
X*-VI§16. n-Al 0 .28Ga 0 .72Asm^g«&S 
17. n-GaAsfl^77*f 18, n-Alo.28 
Gao.72As: Inl7f>^h^il9, n-G 
aAs|g2*-wyS2 0$:^-rs. 30 
[0 0 74] JB2IS (S4$fi© 
n-GaAs^2^^>v7 r S2 0ro±JCl/^hS2 1 

PfcitLT. CCI2 F2 + He#*tpT-K5-<x>y^ 
>:7XTE^-K>r*-h$<ge<Bn-GaAsSI2**>y 
^S2 05:B^-r5. ZLOTx-/^>^li-f-©T©n-A 
10.28Gao.72As : I ni«yf->^ S-y/tJI 1 9 0) 
&ST'#lt1-£>„ NH3 OH : HO2 =1:5 

0CD7>^x7#ftfS£B^Tl#i^iIg'7x<y Kx«y 
f->^LTE : E-K-7'-h^CDn-Alo.28Gao.72 40 
As : I tii-yf->^h7/«l 9£Bfc£*£. 
[00 7 5] 3?3Xg (H5#jS0 
l/'S?* hM 2 1 fclifoS U *%& HI 2 2 Sr^ffi 

»J**6. Z.tie><7)B8P$:iiLT«2XSi:^«{C. C 
Cl2 F 2 +He*^tJ»TK5'fx^>yLT©E J E 
-K4 r -hiW0!>n-GaAsflll^ir<y?Oll 8£D 
=E- YV- htiM<D n - G a A s % 2 * -v <y 7*0 2 0 

«©n-A l 0 .28Gao.72Asm : fm®l 7t, D^E 50 
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- Yf— HU£<Z)n-A lo.28Gao.72A s : I nX«y 
f - > h y JW 1 9 ©3tST'#±1- 4. 
[0076] S&4Xg (06#fi© 

NH3 OH : HO2 = 1 : 5 0Sf^T9=7 
hX>yf->^LT. E^-Ky-hflWtCn-A lo.28 
Ga 0 .72As«^#*&«l 7<D-®£. Dt- Rf- h 
ff^W)n-Alo.28Gao.72As : I nl-yf->^ h 
>yAS 1 9 £fifcS;1-£„ Ui/'x SS2 2©BBn«il, 
T, AlfejSEtfU E=E-Ky-KSffi2 3tD^-K 

v- smg2 4 zm.tz. wj*. vmn mzutz 

ft, n-GaAs«2^«;7'I2 0ffl±i;, Sfct^EJc 

2 4 s^T-tti-env-^sffit kw yw&zfm. 

[0 0 7 7] H609«H^£X«^£J:U1Klttt»T 
IB<Z)i:i3yT*&4. 
20. n-GaAs^2^-y^'Ji 
j?$6 0 nm 

K-ttHEl. 5xi0l8 cm -3 

19. n-A lo.28Gao.72As : I nl»;fy^ h 

•yA'jf 

j?33 nm 

K*«l. 5xi0l8cm-3 
18. n-GaAsf l^'yT"! 
7 nm 

K**B1. 5xi0l8 C m"3 
17. n-Al 0 .28Ga 0 .72Asm€WS 
J?$3 5nm 

K^-ftKl. 5X1 Ol8 C m-3 

16. i - A 1 0.28G ao.72 A s : I nX-^—fyM 

15, i-Ga As : I nS-f^ffS 

)P$ 1 0 0 n m 

I nfigl 020 cm -3 

14. Alo.28Gao.72Asg3A«y:77Ji 
1 0 0 nm 

1 3. Alo.35Gao.65As : I n£2^y77E 
J532 0 0nm 

12. GaAs«lA-y77l #32. 5/xm 
1 1. S igffi 

[0 0 7 8] zaf^^igttffiifcji&Sjfta. E 

KHEMTfcD*- KHEMTfeJMWbLfe^-p* 
y. Infc»A1-*^<MI®R3B««IOU 
£jfl K-^Wft*flD±awcx-y*->jr^ h >y A'Si: UT 
I n5:*AL£AlGaAsIJ:iALfeIi:T'*5. 
I n ?r K-e^^'LfeSOfifiSrit&DLtZLhlCJ: 'J. 

[0 0 7 9] 3(D|Q6ffi|©J:^»C#ffrt*LfeA 1 G a 
Asf. GaAsi?©l7f>^h-v;m 

ffigtf^fcy&oTVN* x>y^>^ii~<D 
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AtSi:, I njWCfiW«CAy*t<. I ntix.y^> 

s. 

C0080] 

wk<mmm& tttzttuz. 7*huvxscfi 10 

[0 2 ] m 1 HS6M<Z>i> U 3 >S«{b^^S*S©« 

[S3] m2&m0*V3ymit&&m#&m<D 
m.ism03mffl® u> 20 
[04] mzmmni/v^ym&itGmmtim&to 

SBfcH&0>:CiBffiB (2) 

[H 5 ] « 2 Id60!©i/y 3 >^ft£$#£fcgS© 
SS&r&arSSHiH (3) T'fc*. 

[0 6 ] m 2 HJ6«©2/ 'J 3 >£fifb#«MNM«SIKCD 
3£g£2tf)IgtaffI0 (4) T'$>*. 

m 7 ] tsa*® 2/ y 3 ym&{t$wmtiiJ§<mffi<DA 

[02] 
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[08] (a) ~ (F) it aa«DS/y3>g«{t£4&> 

[09] MOCVDi:«fciJi/'j3>SK±(C0. 6«m 
tfeG a A s »OS®!ffi$OjS!l^^T'feS. 

[01 0] aiBJia8MBEKJ:yjsWLfe£/y3>ISfi 
G a A s Jftf)&t§<D A FM^J^SKT***. 

[01 1] Sigg$MBElC<i:*J&gL££/'J3;/g& 
G a A s mV&m<D A FM8$8«:?K?fcS. 

[01 2] 01 lOX-X 1 WC*W6»fi^S:*L 
TV*. 

[013] MOCVDfC«}:U^Lf^> l j3>S«Ga 

A s S(DSSS^©A FMmm.w&zhz. 

[014] 0. 5 ^mOGaAsSO±lCt£SLfei/y 
3>g« I n G a A s SOSSOA FMSBafflPSJtT'ifc 

1 S i^fi 

2 GaAsA^77l 

3 AlQ.giC&Q&AsrtVJyM 

4 i-GaAs : I n^^fS 

5 i -Alo.28Gao.72As^^— tHr 

6 n-Alo.28Gap.72As 

7 n-GaAs^7 7"I 
8 

1 0 h'K>®| 

[012] 
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[01] 
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r 



10 

r -I — 



--7 

-4 
4-3 



—2 



--1 



7 : n-GaAs 7 7'ig 1 OOnm 1 FtM 

6 : n-Al038Gaa72As «-f-**&B 50nm f tS«10 ,B cn? 

5: i -AlaaGaoJzAs 2^— -?lf 2 nm 

4 : i-GaAs:lnm?mffJi 1D0nm-ln«JE 

3 : AlQasGaocsAs '<v7tB 300nm "iCftm 3 

2 : G*AS'<? v rl . 2 . 5*im 

1 : Si £& 



8 : y- HWE 

9 : v - 
10: KH 



(10) 



[03] 



20. 
3~18 



19 



-16 
-15 

-H 

-13 



17 



•12 



11 



2 a 


: n-GaAs W,2 * t.vV'M 


60nm 


1 9 


: n-A(a28Gaa72As:In^ > y 


3nm 








1 8 


: n-GaAs ® 1 * * ? 7\S 


7nm 


1 7 


: n-AlQ28Gao.72 As*?ttt&Ji 


35 nm 


1 6 


: i-AloJ6Gaa72 As:ln;*^-^JB 


2nm 


1 5 


: i-Ga AsiIn^f^fiB 


1 00 nm 


1 4 


: AlazsGacnzAs $3/>"7 7 7B 


1 00 nm 


1 3 


: Alo.35Gaa65As:In3B2-" ? 7 7 tS 


200 nm 


1 2 


: GaAs^l 7 rfl 


2. Bum 


1 1 


: Si &{g 





'15-ltfVri? 
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--21 



-20 
^-19 " 
-18 
17 

-16 
+-15 



-H 
-13 



12 



--11 



2 0 


: n-GaAs 82 + + 


6Dnm 


t 9 


: n- AltuB Ga 0.72 Asrlrvx- -yf-'s ? 


3nm 




* h •? ><H 




1 8 


n-Ga As $ 1 + -r •? 7'J1 


7nm 


1 7 


n-Alo28Gaa72As%7^M&ii 


35nm 


1 6 


i- Al cm Ga an Asdn*^— -y-Jg 


2nm' 


1 5 


: l-GaAs:In«T^frJi 


100nm 


1 4 


AloaGaa72As *5'<>7rl 


100nm 


1 5 


' AlojsGao.«As:Infc2'< v 7 tM 


200 hrn 


1 2 


GaAsjgl 7 7 J1 


2.5»im 


1 1 


Si itS 





r+mm , 

15x10' 



2 1 : i/y* hfl 
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22 



= H9 
--17 

-H 
-13 



20 
18 
•16 



12 



--11 



2 0 : n-GaAs 3S 2 * v 7'H 

1 9 : n-Al«8GaQ72As:ln* v f-> ^* 

1 8 : n-GaAsgn *-T-y7'Ji 
1 7 : n-Al028 Ga 0.72 As« ?^|&Ji 
1 6 '■ i -Alo.28Gao.72As:In^-<— *g 
1 5 : i-GaAs:In«?^f7Ji 
1 4 : Alo»Gao.72As m^yVrM 
1 3 : AJa3sGao6sAsin^2'< -j 7 rS 
1 2 : GaAsgM 7 r« 
1 1 : Si &£ 



60nm1 K-'-fiS , 
SnmM-S-IO'W 

7 nm 
55 nm 

2nm 
100nm 
100nm 
200nm 
2.5|im 



2 2 : u >' * h 8 
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[126] 



fflf 5 - i 6 6 7 2 4 




2-19 



— 17 



22 



.20 



— 16 
-13 



I 



"M2 



--11 



1 6 
1 7 



1 1 



n-GaAs*2* -tv^m 60nm 

n-Ala2eGaa72As:ln= -y*> if 5nm 

n-Ga As SB 1 * ■* ? 7'B 7nm 

n-Ala2eGaa72 AsMT&taM 35nm 

i-Alo2«Gao72 Asrln*' 5 -— fM 2nm 

i-GaAs^n-B^SfTH 100nm 

AlQ2sGaQ72As %S'<~j 7 ri 100nm 

Ata35Gaa65As:InJ82^j> 7 7l 200 nm 

GaAs»1 7rl 2.5nm 
Si IMS 



1.5x10^ 



2 2 : u^* hJi 

2 5 : E*- h«S 

2 4 : D*- KV- hit« 
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Si Sffi 
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(B) 



(C) 



(D) 



Si-Si- SI -Si T 

Si-5i-Si-S>i-Si-Si-Si 
it i i i i i 

Si-Si-Si-Si-Si-Si-Si 
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fa &h 0\ 



3-31 



33 



(E) 



wzz&kzzzzzm 
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(F) 



.36 
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